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Forty warts from different patients and of different 
clinical type were examined histologically and virologi-
cally. Eight lesions were found to be associated with 
human papillomavirus type 1 (HPV 1), 15 tumors were 
induced by HPV 2, HPV 3 was detected 4 times, HPV 4 
twice, and HPV 6 eleven times. 
HPV 3, HPV 4, and HPV 6 induced warts revealed a 
correlation between histology and virus type. They are 
characterized by the so called "edematous type clear 
cells". In HPV 3 associated flat warts pycnotic nuclei 
were mainly localized in the center of large vacuoles. In 
genital warts sickle shaped nuclei were pushed to the 
margin of the vacuolized cells. 
The histology of HPV 1 and HPV 2 induced warts was 
more heterogenous. With one exception HPV 1-induced 
lesions represented typical myrmecia warts, varying in 
the number and shape of inclusion bodies. HPV 2 asso-
ciated common warts, however, revealed 3 very distinct 
histologic features: (1) Inclusion wart typical for HPV 1, 
(2) Classical common wart with marked condensation of 
k eratohyalin granules, (3) Warts with extreme vacuol-
ization of squamous and granular cells leading to a hon-
eycomb-like picture. 
\ 
Biochemical and serological studies of the past few years 
revealed the heterogeneity of Human Papilloma viruses (HPV) 
(for review see references 1, 2) . At least 8 different types can be 
distinguished serologically and by nucleic acid hybridization 
experiments. By means of bacterial restriction enzymes, which 
cut the viral DNA at specific sites, virus subtypes could be 
identified by the characteristic sizes of thei.r DNA fragments 
[3]. 
In the past the classification of human warts was mainly 
based on clinical data, on morphology and histology [ 4-12]. 
Morphologically 4 basic types can be distinguished: The com-
mon wart (verruca vulgaris), t.he plantar wart (verruca plan-
taris), the flat wart (verruca plana), and the genital wart (con-
dylorpa acuminatum) . 
Only few attempts have been made to look for virus type 
specific cytopathogenic effects (CPE) . Different forms of clear 
cells were described for HPV 3 induced flat warts and warty 
lesions of epidermodysplasia verruciformis (EV) , harboring 
HPV 5 [6,7,13]. Recently Jablonska et al [14] suggested a 
general correlation between virus type and histology. This 
would be of great praCtical importance since virus classification 
would become possible by routine histological methods. 
In this paper we present attempts to correlate histological 
char acteristics with distinct virus types on the basis of 40 skin 
or genital warts. 
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MATERIALS AND METHODS 
Subjects 
Forty wart samples from 39 different patients were examined: 18 
common warts from various sites of the body, 7 plantru· warts, 11 warts 
fl'Om the genital region (2 of those from the same patient), and 4 flat 
wart pools from 1 skin region each of 4 patients (one of them from the 
skin of a renal allograft recipient). Regularly, after removing the tumor 
by curettage, scalpel or pair of scissors, one part was prepared for 
histological studies, the other was saved for vims classification. This 
material was stored at -70°C until use. 
Histological and Cytological Studies 
Wart biopsies were fixed in phosphate-buffered 4% formalin of pH 
7.2, embedded in paraffin, cut into 4-7 J.Lm thick sections and stained 
with hematoxylin and eosin (HE) . 
Isolation of DNA 
DNA was extracted from ground warts by treatment with SDS, 
proteinase K, and phenol as described earlier [15). RNA was digested 
by ribonuclease and after another phenol extraction the solu tion was 
dialysed thoroughly. The concentration of DNA was determined from 
the optical density at 260 nm according to 1 OD21;o = 50 J.Lg/ ml. 
Classification of the DNA 
Ten p.g of wart DNA were cleaved with 10 units of the restriction 
endonuclease Bam HI (Miles Co.) at 37°C for 3 hr. The reaction was 
stopped by adding EDTA (final concentration 25 mM) and the DNA 
precipitated with ethanol in the presence of 0.2 M ammonium acetate. 
The samples were resuspended in electrophoresis buffer (5 mM Tris, 
pH 8.1, 0.5 mM EDT A, 20% sucrose, 0.05% SDS, 0.06% bromphenol 
blue) and applied to horizontal 1% agarose gels (22 X 16 X 0.5 em). 
Electrophoresis was carried out at 40 v overnight using a Tris-acetate 
buffer pH 8.1. After the run, the DNA was transferred to a nitrocellulose 
fil ter as described by Southern [16). The baked fLl ters (80°C, 3 hr) were 
preincubated with 250 J.Lg/ ml calf thymus DNA in 40% formamide, 3 
X SSC and 0.2% Denhard solution for 5 hr at 37°C. Under the same 
conditions the filters were subsequently incubated for 24 hr with 32P-
labeled HPV 1, HPV 2, HPV 3, HPV 4, and HPV 6 DNA, respectively. 
After each incubation the fL!ter was washed twice in 6 X SSC with 0.5% 
SDS at 68°C for 4 hr and 3 ti.nleS in 2 X sse. After air drying, fil ters 
were autoradiographed using Kodak-X-omat XR-5 X-ray film . 
Reference DNAs for HPV 1, 2, and 4 had been isolated from virus 
particles as described earlier [17] and were defined by cleavage with 
several restriction enzymes [3]. They represented the subtypes 1a [18], 
2b: no cleavage site for Bam HI, one cleavage site, each for Eco RI and 
Hind III in contrast to Hind III resistance of HPV 2a [19] and 4a [3]. 
The preparation of HPV 3 [13) and HPV 6 DNA [20) has been 
described i.n detail . All DNAs were labeled by nick translation with 
DNase I and polymerase I as described previously [13]. 
RESULTS 
Virus- Classification 
In order to classify the papillomavirus type, underlying indi-
vidual lesions, the DNA from wart biopsies was hybridized to 
32P-labeled reference DNAs for HPV 1, HPV 2, HPV 3, HPV 4, 
and HPV 6 as described by Southern [16). In all cases only one 
probe hybridized to the wart DNA, leading to distinct bands on 
the x-ray film . From a positive hybridization result it was 
concluded that the respective wart was induced by the cone-
sponding virus type or by a closely related subtype. 
Among 40 warts examined (Table), 8 proved to contain HPV 
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1 DNA, 15 harbored HPV 2 DNA, 2 were induced by HPV 4, 
4 by HPV 3, and 11 genital warts contained HPV 6 DNA. 
Histology 
Data on correlation between HPV type and histological char-
acteristics of the warts are summarized in the Table. 
HPV 1 Associated Warts 
Seven plan taT warts, induced by HPV 1, showed the following 
histological featmes, which will be referred to as cytopathic 
effect (CPE) type 1 (Table): (1) extreme hyperkeratosis with 
ortho- and paTakeratosis, especially on the top of the papillae, 
Correlation between papillomavirus type and histological chaTacteris-
tics of waTty lesions 
Virus· type 
Cytological HPV I HPV 2 HPV 3 HPV 4 HPV 6 type 
CPE 1 7 V. PLT." 1 V. V." 
CPE2 1 v. v. 9 v. v. 
CPE3 5 v. v. 
CPE4 4 V. PL: 
CPE5 2 v. v. 
CPE6 11 C. AC.d 
Total= 40 8 15 4 2 11 
"V. PLT =verruca plantaris. 
"V. V. =verruca vulgaris. 
c V. PL. = verruca plana juvenilis. 
" C. AC. = condyloma acuminatum. 
FIG 1. CPE type 1; squamous and granulru· cells of 2 different 
plantar waTts induced by HPV 1 with intranucleru· and intracytoplasmic 
basophilic inclusion bodies of vaTious degrees (A and B HE; reduced 
from X600; Inset, HE; reduced from x2,400). 
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FIG 2. Vacuolized corneal cells in a section of a HPV ]-induced 
plantar wru·t (A HE: reduced from X960) . HPV 1-induced common 
waTt with histologic features of CPE 2 (B HE; reduced fi·om X960) . 
(2) acanthosis and papillomatosis, (3) spherical, deep eosino-
philic nucleolus-like inclusion bodies (Fig lA, inset) appearing 
first in the nuclei of the basal cell layers, (4) in parallel, deep 
eosinophilic granules could be observed in the cytoplasma of 
the squamous cells, which became greater and confluent dming 
cell differentiation, forming sea-like inclusions of light baso-
philic stainability (Fig 1 A, B) . Typical keratohyalin granules 
could be found to some degree in the cytoplasm (Fig lB). 
Cytoplasmic vacuolization was moderate and could be seen fu·st 
in the squamous layer. In some rare cases vacuoles persisted up 
to the corneal layer. In one case the pycnotic nuclei of the 
parakeratotic corneal cells were localized in the center of vac-
uoles (Fig 2A). The features 1-4 were more or less prominent 
in different warts (Fig 1 A, B) . 
One HPV 1 associated lesion, a common wart from the chin 
showed no inclusion bodies. In contrast there were typical 
characteristics of CPE 2, discussed below (Fig 2B). 
HPV 2 Associated Warts 
HPV type 2 could be found in 15 common warts. The histo-
logical picture was less homogenous than that of HPV 1 asso-
ciated lesions: (A) One wart from the hand could not be distin-
guished from HPV 1 induced inclusion warts (Fig 3D). 
(B) Nine common warts showed the following histological 
characteristics referred to as CPE type 2 (Table) : (1) a high 
degree of ortho- and parakeratosis; (2) acanthosis and papillom-
atosis; (3) hypergranulosis with condensation of keratohyalin 
granules (3 B, inset) and moderate vacuolization of granular 
cells on the top of the papillae. In 2 of these cases vacuolization 
of the Malpighian and granular layer was increased and local-
ized not only on the top of the papillae, but also-even more 
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F1 c 3. Sections of 4 common warts induced by HPV 2 with different cytological alterations. (A) CPE type 2; marked papillomatos is covered by orthokeratotic hyperkeratosis; acanthosis and increased vacuolization in squamous and granular cells preferentially between the top of the 
papi llae (HE; X240) . (B) CPE type 2; Granular layer with cytoplasmic vacuolization and condensed keratohyalin granu les of different size. (HE; 
x 960). Inset, Granular cell with keratohyalin granules typical for CPE 2 (HE; x2,400) . (C) CPE type 3 with ballooning degeneration of granular 
cells, marginal sickle-like pycnotic nuclei and dispersed fine keratohyalin (arrows) (HE; x 960). Inset, Granular, Feulgen negative material 
proj ected to the nucleus (HE; x2,400). (D) CPE type 1 with prominent in tracytoplasmic basophilic inclusions (HE; X960). 
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prominently-between them (Fig 3A). Parakeratosis could be 
detected in variable extent and intensity most clearly above the 
areas of vacuolized keratinocytes. 
(C) Five HPV 2 induced common warts showed prominent 
cytopathogenic effects referred to as type 3 (Table, Fig 3C) : (1) 
orthokeratotic and only focally parakeratotic hyperkeratosis; 
(2) acanthosis and papillomatosis; (3) granulosis with only 
dispersed-sometimes powder-like-{Fig 3C) keratohyalin 
granules in the cleared cytoplasma of ballooning squamous and 
granular cells; (4) marginated pycnotic nuclei in these cells. In 
some cases deep basophilic round masses of different size were 
found to be localized within the nuclear plasma (Fig 3C, inset). 
Feulgen staining was negative. 
HPV 3 Associated warts 
All flat warts (4) were found to be associated with HPV 3 
(Table) . They showed a very homogenous histology called CPE 
type 4 (Table, Fig 4): (1) mainly orthokeratotic hyperkeratosis 
with "basket-weave pattern"; (2) acanthosis and only moderate 
or no papillomatosis; (3) prominent cells in the upper Malpigh-
ian layer with peculiar vacuolization, called "biJ·d's eyes," char-
acterized by perinuclear vacuoles with a centrally localized, 
pycnotic deep basophilic nucleus (Fig 4); (4) uniformly thick-
ened granular layer, but far less prominent than in CPE 2 
lesions. "Bird's eyes" in this stratum appeared even more 
characteristic as the condensation of keratohyalin granules 
leads to keratohyalin masses forming a deep basophilic line at 
the surface of the cell. 
FIG 4. CPE 4; section of a flat wrut-induced by HPV 3; so-called 
"bird's eye" granular cells (HE; reduced from X600) . 
FIG 5. CPE 5; section 9f a common wrut associated with a HPV 4 
infection (HE; reduced from X600). Inset, Vacuolized granu\ru· cell with 
fine keratohyalin granules (HE; reduced from X2,400) . 
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FIG 6. CPE 6; section of a condyloma acuminatum associated with 
a HPV 6 infection; vacuolized squamous cells with marginal sickle-
shaped nuclei (HE; x600). 
HPV 4 Associated Warts 
HPV 4 was detected in 2 common warts. The main histolog-
ical featmes are (Fig 5): (1) Huge orthokeratosis with basket-
weave pattern and few parakeratotic clusters; (2) acanthosis 
and papillomatosis; (3) clusters of vacuolized cells, even in the 
basal layer. In the stratum granulosum these cells are promi-
nent with both an increased cell and nuclear volume (Fig 5 
inset). Keratohyalin granules are visible within the cytoplasma. 
HPV 6 Associated Warts 
The lllesions from the genital region revealed the "classical" 
protuberant growth-type of condyloma acuminatum [21,22]. 
The histological characteristics are (Fig 6): (1) mainly paraker-
atotic hyperkeratosis of various degree; (2) pronounced acan-
thosis and sometimes extreme papillomatosis; (3) in the Mal-
pighian and granular layer marked perinuclear vacuolization 
with marginal nuclei of sickle form (Fig 6), partially intranucle~n 
edema and basophilic inclusions; (4) moderate granulomatosis; 
(5) increase of the mitotic activity in the basal layers. 
DISCUSSION 
Forty warts were examined to look for a possible correlation 
between papillomavirus type and cytopathogenic effect. The 
occurrence of individual virus types in different lesions was 
similar to earlier findings [1,13,17,20,23-25]. HPV 3 and HPV 6 
were exclusively (ound in flat warts and condylomata acumi-
nata, respectively. Common warts contained HPV 1, 2, and 4 
and all plantar warts were induced by HPV 1. Histological 
pictures, described as CPE type 1, 2 and 4 in this paper are 
congruent with cytopathogenic effacts 1, 2 and 3 observed by 
Kaufmann, Meves, and Ott [5] in plantar warts, common warts, 
and fla t warts, respectively. 
Our results point to a limited correlation between viJ·us type 
and wart histology. HPV .3 always led to CPE type 4. The 
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pattern found to be associated with HPV 4 was characterized 
by clusters of vacuolized cells even in the basal layer, which is 
in line with findings of Jablonska et al [14). HPV 6 lesions 
showed the so-called "edematous type clear cells," as do HPV 
3 induced flat warts [6,7]. This is in contrast to the "granular 
type clear cells" in EV associated with a HPV 5 infection 
[6,7,14]. The homogenous histological picture with marginal 
localization of the sickle-shaped nuclei in squamous cells of 
genital warts led us to suggest a new cytopathogenic effect 
(CPE type 6) characteristic of HPV 6. 
HPV 1 led to pictures known as myrmecia warts. However, 
individual lesions varied considerably in number and size of 
inclusion bodies. It is possible that this is due to different 
amounts of virus production and/or to different ages of the 
tumors. These arguments could also be valid for the appearance 
of CPE 2 in one HPV 1 induced wart, which happened to 
contain only very small amounts of viral DNA. 
The studies of HPV 2 associated common warts revealed that 
one HPV type can produce very distinct histological features. 
Besides of common warts which represented either CPE 2 or 
CPE 1, we found lesions with ballooning degeneration of squa-
mous cells and marginally localized pycnotic nuclei (CPE type 
3) . The nature of intranuclear masses of different shape irreg-
ularly found in these cells is unclear so far. As Feulgen staining 
was negative, this material cannot represent heterochromatin. 
Probably it is intranuclear keratohyalin as described by Laurent 
Agache, and Coume-Marquet [6). 
The reason for the greater heterogeneity of HPV 2 wart 
histology is unKnown. Restriction enzyme analysis of HPV 2 
DNA showed that this virus type is rather heterogenous and 4 
subtypes could be established among the isolates of this study 
(Pfister, unpublished). However, no correlation was observed 
between virus subtype and histology. Furthermore, the virus 
DNA content of all HPV 2 induced warts was rather similar. 
Therefore, the differences of morphology might be due to host-
virus interactions. 
In conclusion, our data indicate a correlation between histol-
ogy and virus type in cases of HPV 3, 4 and 6 which is in line 
with recent data of Jablonska et al [14]. HPV 1 and HPV 2, 
however, may lead to heterogenous pictures where cautious 
evaluation is necessary. For definitive conclusions more bi9psies 
must be analyzed histologically and virologically. 
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